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Strangeness enhancement (SE) in heavy ion collisions can be understood in the statisti-
cal model on the basis of canonical suppression. In this formulation, SE is a consequence
of the transition from canonical to the asymptotic grand canonical limit and is predicted
to be a decreasing function of collision energy. This model predictions are consistent with
the recent NA49 data on Λ enhancement at plab = 40, 80, 158 GeV.
1. INTRODUCTION
The enhanced production of strange particles in nucleus-nucleus (AA) relatively to
proton-proton (pp) or proton-nucleus (pA) collisions, was since long, argued [1] to be
a signal of a Quark-Gluon Plasma (QGP) formation. This enhancement is seen in all
experiments at all energies from AGS to SPS up to RHIC. Furthermore, enhancement of
strange baryons and anti-baryons was predicted to depend on their strangeness content
and to appear in a typical hierarchy, EΛ < EΞ < EΩ, which was observed in particular
by the WA97 [2], NA57 [3] and NA49 [4] Collaborations. These enhancement features
and hierarchy, are argued to be expected at all energies as a consequence of a canonical
thermal phase-space suppression.
2. CANONICAL STRANGENESS SUPPRESSION
When describing a statistical system there are at least two ways of implementing the
conservation laws of quantum numbers. In the Grand Canonical (GC) formulation conser-
vation of a quantum number is ensured on average by use of the corresponding chemical
potential. This description is only valid when particles, with a given conserved charge, are
produced with a large multiplicity (system of a large volume and/or high temperature). In
the Canonical formulation (C) conservation of a quantum number is implemented exactly
on an event-by-event basis. This approach is relevant when particles carrying a given
2conserved charge are produced with a small multiplicity (system of small volume and/or
low temperature). In the usual definition of SE one compares the yield per participant of
a given particle i with strangeness s in the large AA system to the yield per participant,
of the same particle, in the small pp or pA system. Assuming that the volume parameter
scales with the number of participants, V ∼ Npart, the enhancement of this particle is
given by
Eis =
(nis)
AA
(nis)
pp (1)
where nis is the number density of particle i. From the above considerations, the pp (or pA)
system has to be described in the canonical formulation. In principle, all conserved charges
(baryon number B, electric charge Q, and strangeness S) have to be treated canonically.
However, with a good approximation, B and Q can be treated grand canonically even in
high energy pp collisions. This results in a slight overestimate of the canonical effect [5].
The canonical partition function of a gas of particles and resonances having strangeness
s = 0,±1,±2,±3, and with total strangeness S = 0 can be written as [6]
ZCS=0(T, V ) =
1
2pi
∫ pi
−pi
dφ exp

 3∑
n=−3
Sne
inφ

 (2)
where Sn = V
∑
k Z
1
k , is the sum over all particles and resonances carrying strangeness
n and where Z1k ≡ (gk/2pi2)m2kTK2(mk/T ) exp (BkµB/T +QkµQ/T ) is the one-particle
partition function of particle k with multiplicity gk, mass mk, baryon number Bk, electric
charge Qk and the corresponding chemical potentials µB and µQ. From Eq.(2) one can
derive [7] the canonical density (nis)
C and show that
(nis)
C = (nis)
GCFs(T, V ) (3)
where (nis)
GC is the grand canonical density and Fs(T, V ) is the suppression factor that
measures a deviation of (nis)
C from its asymptotic, grand canonical value. For large V
and/or T , Fs(T, V ) → 1, and (nis)C reaches its grand canonical value. From Eq.(1), SE
for a given V ∼ Npart relative to pp is determined from
Eis =
Fs(T, V )
Fs(T, Vpp)
≡ Fs(T,Npart)
Fs(T, 2)
(4)
Figure 1 displays an example of the suppression factor at
√
s = 8.73 GeV. The enhance-
ment hierarchy at corresponding energy, as seen in Figure 2, is a direct consequence of the
behavior of the suppression factor with the strangeness content of the particle [8]. Thus,
SE can indeed appear as a canonical suppression effect.
3. ENERGY DEPENDENCE OF STRANGENESS ENHANCEMENT
We have studied [9] the energy dependence of SE at four energies:
√
s = 8.73, 12.3, 17.3
GeV (NA49, NA57, WA97, SPS) and
√
s = 130 GeV (RHIC). At 17.3 and 130 GeV the
values of T and µB were taken from the thermal fit from [10,11]. At
√
s = 8.73 and 12.3
3Figure 1. Canonical suppression factor for
different of particle strangeness: s = 1, 2, 3
at energy
√
s = 8.73 GeV.
Figure 2. Centrality dependence of the
relative enhancement of particles in cen-
tral Pb-Pb at energy
√
s = 8.73 GeV.
GeV the values of these parameters were determined following unified freeze-out curve [12]
and by using the measured < pi > / < Npart > ratio at the relevant energies. Moreover,
as a first approximation, the assumption have been made that the thermal parameters
are independent of centrality. We have shown that SE is a decreasing function of collision
energy [9]. The result for Λ is given in Figure 3. In Figure 4 the model predictions are
compared to the recent experimental data of NA49 Collaboration [13]. The experimental
points are deduced from the (< Λ > / < pi >)AA/(< Λ > / < pi >)pp ratio [13] multiplied
by < pi > / < Npart > in AA and in pp collisions [14] at the same energy. The solid line
in Figure 4 is the prediction of the canonical statistical model.
Figure 3. Centrality dependence of the
relative enhancement of Λ in central Pb-
Pb at different collision energies.
Figure 4. Energy dependence of the rel-
ative enhancement of Λ in central Pb-Pb
collisions.
4. CONCLUDING REMARKS
Canonical suppression plays an important role in SE. The present canonical statistical
model naturally describes [15] the bulk properties of the WA97 data for Λ,Ξ,Ω, that show
SE hierarchy, and saturation of the yields per participant for large Npart. However, the
4quantitative understanding of the recent data of the NA57 Collaboration [16], showing a
smooth increase of that yields with Npart > 100 and a significant change in the behavior
of Ξ¯ ( the yield rises from Npart = 62 to Npart = 121 by a factor 2.6) would required
a further study on the behavior of thermal parameters with centrality [17]. These new
features of NA57 data may be understood admitting a non-linear dependence of the
canonical correlation volume or of the off-equilibrium strangeness fugacity with centrality
[18]. Nevertheless, the enhancement hierarchy and the decrease of enhancement with
increasing collision energy are a generic features of the canonical statistical thermal model
that are independent on the particular choice of the parameters. The most recent NA49
data on Λ yields seem to support the model prediction that SE is a decreasing function
of collisions energy. However, experimental confirmation of these behavior by even more
spectacular variation of Ξ and Ω enhancement with
√
s would be required. We note that
UrQMD [19] and DPM [20] predicts a larger SE at RHIC than at SPS energy, which is
in contrast to present statistical model results.
Acknowledgement: We wish to thank P. Braun-Munzinger, J. Cleymans, M. Gazdz-
icki, H. Oeschler, H. Satz and R. Stock for interesting discussions. K.R acknowledges the
support of the Alexander von Humboldt Foundation.
REFERENCES
1. J. Rafelski, and B. Mu¨ller, Phys. Rev. Lett. 48 (1982) 1066; P. Koch, B. Mu¨ller, and
J. Rafelski, Phys. Rept. 142 (1986)167 ; J. Rafelski, Phys. Lett. B262 (1991) 333.
2. E. Andersen et al., WA97 Collaboration, Phys. Lett. B449 (1999) 401.
3. N. Carrer, NA57 Collaboration, QM2001, Nucl. Phys. A698 2002 29.
4. T. Susa et al, NA49 Collaboration, Nucl. Phys. A698 (2002) 491.
5. A. Kera¨nen, and F. Becattini, J. Phys. G28 (2002) 2041.
6. J. Cleymans, K. Redlich, and E. Suhonen, Z. Phys. C76 (1997) 269.
7. P. Braun-Munzinger, J. Cleymans, H. Oeschler, and K. Redlich, Nucl. Phys. A697
(2002) 902.
8. A. Tounsi, and K. Redlich, J. Phys G28 (2002) 2095.
9. K. Redlich, and A. Tounsi, Eur. Phys. J. C24 (2002) 35.
10. P. Braun-Munzinger, I. Heppe, and J. Stachel, Phys. Lett. B465 (1999) 15.
11. P. Braun-Munzinger, D. Magestro, K. Redlich, and J. Stachel, Phys. Lett. B518 (2001)
41; D. Magestro, J. Phys. G28 (2002) 1745.
12. J. Cleymans, and K. Redlich, Phys. Rev. C60 (1999) 0544908.
13. A. Mischke, for NA49 Collaboration, nucl-ex/0209002.
14. M. Gazdzicki, private communication, and M. Gazdzicki, and D. Ro¨hrich, Z. Phys.
C71 (1996) 55.
15. J. S. Hamieh, K. Redlich, and A. Tounsi, Phys. Lett. B486 (2000) 61.
16. V. Manzari, these proceedings.
17. J. Cleymans, B. Kaempfer, and S. Wheaton, hep-ph/0208247, hep-ph/0202134.
18. A. Tounsi et al, to appear.
19. M. Bleicher, W. Greiner, H. Sto¨cker, and N. Xu, Phys. Rev. C62 (2000) 061901.
20. A. Capella, C. A. Salgado, and D. Sousa, preprint nucl-th/0205014.
